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A WING WITH THE IEADING EDGE SWEPT BACK 630
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SUMMARY

The 1ift and pitching-momsnt characteristics of two wings of the
same plan form (aspect ratioc 3.5, taper ratic 0.25, and leading—edge
sweep angle 63°) have been measured by the NACA wing—flow method in the
Mach number range 0.52 to l.11 and Reynolds number rangs 0.39 million
to 0.81 million. One wing had & symmetrical alrfoil section and no
twlst, while the other was cambered and twlsted to support & uniform
load distribution,at a lift coefficlent of 0.25 at a Mach number of 1l.5.

The data are compared with the results from tests of simllar models
in the Ames 12—foot pressure wlnd tiumnel at Reynolde mumbers of approx—
imgtely 2 million. The comparison shows appreciable dlscrepancy in the
measured pltching—moment characteristics. Changes in the model config—
uration and test procedure were investligated, but no conclusive explean—
ation of the discrepancy was developed. It 1s concluded that any attempt
to determins the pltching-moment characteristics of highly swept—back
wings 1s inadvisable af such smsll scale and at such low Reynolds num—
bers with semispan modsls.

INTRODUCTION

As a continuation of a gensral investigation of the aerodynamic
characteristics of a wing with the leading edge swept back 63°, tests
were conducted by the wing—flow method in order to obtaln data bracket—
ing & Mach number of 1.0. One of the models for the wing—flow tests had
a symmetrical airfoil and no twist, whils the other model was cambered.
and twisted to support. a uniform load distribution st & 1ift coefficient
of 0.25 at & Mach number of 1.5. The results of previous tests of the
symmstrical wing ars presented in references 1, 2, and 3, while the
regults of tests of the cambered and twisted wing are contained in refer—
ences 4 and 5. .
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Since the pitching-moment date showed wide discrepancies when com—

pared to data from tests &t higher Reynolds numbers in the Ames 12-foot
Pressure wind tumnel, an attempt was made to isolate the cause of these
discrepancies. : :

sl

ol

SYMBOLS
1ift coefficient (Lift
Pty qs 1

pitching-moment coefficlent measured about 25-percent &

pitching moment
gsSt't

Mach number <§>

Reynolds number P%—)

wing area of the semispen model, square feet

airspeed, feet per second

speed of sound, feet per second

wing span, perpendicular to plane of symmetry, feet

locel chord, parallel to plane of symmetry, feet

b/2
folczdy

meen aerodynamic chord
fb/E
°

s feet
c dy

dynamic pressure <—2]=pV2> , pounds per square foot

spanwlse distance, feet
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Y, distance between camber line and chord line, feet
a angle of attack, degrees

o angle of twist, positive forlwashin, degrees

1] air viscosity, slugs per foot—second

P mags density of air, slugs per cubic foot

" MODELS

Dimensions of the models used in this investigation are presented
in figures 1 and 2. The two wings were made of steel and had identical .
plen forms: an aspect ratio of 3.5, a taper ratio of 0.25, and 63°
of leading-edge sweepback. The untwisted wing wes composed of NACA
64A006 airfoil sections in the streamwise directicn. The cambered and
twisted wing had the NACA 64AQ005 thickmess distribution in combination
with & = 1 mean camber lines. Distribution of wing twist and spanwise
camber variation are presented in figurs 2.

In addition to the wing-alons configuration, the untwlsted symmet—
rical wing was tested altermately with a chordwise fence fitted near the
wing root parallel to the stream direction, and with a half—fuselage of
circular cross section having a fineness ratio of 6-1/4. These modifi—
cations are illustrated in figure 3.

METHODS AND EQUIPMENT

The majority of the data was obtained by placing the semispan
models in a reglon of accelerated air flow over a special bullt-up test
station on an airplans wing. The model was mounted on a thres—component
recording balance which was rotated to vary the angle of attack. A
general view of the test station with the model installed is shown in
figure 4. For certain of the tests the balance was installed in the
side wall of the Ames 1- by 3—1/2—foot high—speed wind tummel as illus—
trated in figure 5. '

A detailed description of the wing—flow test statlon and the Fforce—
measuring equipment used in thils investigation is presented in reference
6, including discussions of the horizontal and vertical Mach number
gradients, boundary—layer characteristics, and the three—component bal—
ance. The ratio of test—station boundary-layer—displacemsnt thickness
to model span for the wing—flow tests was 0.0075, nearly the same as

USRS
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the value of 0.0083 measured in the Ames 12—foot pressure wind tunnel
during the tests reported in reference l. The ratio for the wing-flow
model mounted on the side of the Ames 1- by 3—-1/2—foot vind tunnel was
0.0330.

TESTS

The wing-flow data were. recorded In the form of time historiea of —
an oscillation of the model from —5° to +8C angle of attack at various .
constant Mach numbers from 0.52 to 1.11. The corresponding Reynolds
numbers are presented in figure 6. Tests were conducted on the following
configurations: N L ’ -

l. Symmetricel untwlsted wing

2. Cambered and twisted wing

3. Symmetrical untwisted wing plus fuselage '

L. Symmetrical u.ntwisted wing plus chordwise boundary-—leyer
fence

In addition, the wing—flow balance was mounted on the wall of the
Ames 1~ by 3—1/2-foot high—speed wind turmel so that the top of the '
balance was flush with the inside of the tumnel 'wall. The Mach number ~
range in these tests was 0.75 to 0.92, with an approximte range of '
Reynolds number of 0.69 million to 0.78 million. Tests were conducted
on the syrmetrical untwisted wing at comstant Mach numbers, both by
oscillating the model over the angle—of-attack range and by recording
at various fixed angles of attack.

PRECISION

The precision of the physical measuremsnts made during these tesis
has been evaluated as described in referenmce 6. The following table
shows representative values of ths test data and the physical uncertalnty
in each, &t the lowest and highest Mach numbers at a 1ift coefficient
of 0. 30'

Quantity M= 0.52 - : M=1.11
Mach number M : 0.52 £0.01 1.11°40.02
Angle of attack o, degrees 7.8 0.4 6.8 0.4~
Lift coefficient Cy 0.3 £0.01. 0.3 £0.006
Pitching-moment coeffi— © 0.003 %0. 0009 0.002 #0.0001
cient C oo S o
0.28C : .
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RESULTS AND DISCUSSION

Basic Datsa oy

The typical variations of angle of attack and pitching-moment coef—
Ticlent with 1lift coefficlent are illustrated in figure T by the basic
test data for the symmetrical untwisted wing. These same curves for all
the test conflguratlons were equally linear amd indicated no obvlous
irregularities.

Comparison with Iarger—Scale Tests

The characterlistics of both the symmetrical wing alome and the
cambered and twisted wing alore are summarized in figure 8, which shows
the 1lift—curve slopes and the locations of the aerodynamic center as a
function of Mach number. Also included in figure 8 are corresponding
data up to 0.925 Mach number and at a Reynolds number of approximately
2 million from tests in the Ames 12-foot pressure wind tumnel (refer—
ences 1 and 4}, The comparison for the symmetrical wings is based upon
tests using the same type of model and mounting; that is, semlspan model
on a flat reflectlion plate. In the case of the cambered and twisted
wings the wind~tunnel model was full span and sting mounted;l whereas
the wing~flow model ageln was semispan.

The comparison in figurse 8 between wing—flow and wind—tunnel results
for the symmetrical wing Indicates falr sgreement for the variation of
lift—curve slope wlth Maech number up to the limit of the wind—tumnel
tegts. The piltchlng-moment—curve slopes, however, reveal a considerable
dlscrepancy. The aerodynamic—center locatlon as determined from the -
wing-flow tests would be about 18 percent of the mean aerodynamic chord
forward of the position indicated by the wind—tunnel tests. The eompar—
1son for ths cambered and twisted wing shows the wing—flow model had a
lower lift—curve slope which decreased rather than increassd with
increasing Mach number. The pitching-moment characterlstics show the
same slzable differences, as in the case of the symmetrlcal wings.

Additional Tests

The noted discrepancles cast serious doubt on the validity of the
wing—flow data on the test wings, particularly in regard to the pitching-
moment characteristics.® Since quite satlsfactory correlation between

1The sting mount necessitated the addition of a fuselage; thus these
resultes are for the wing-fuselage combimation.

2The effects of aercelasticity were considered but found to be within
the experimental scatter of the measurements.

Sormaane® 1,
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wing-flow date and data at higher Reynolds nimbers from the Ames 12-foot
pressure wind tunnel has been obtained In the case of a wing with an
unswept plan form (reference 6) and in unreported tests of a triangular
wing, it appears that the dlscrepancy on the test wings might be attrib-
uted to the extremely high sweep and/or the lower than ordinary Reynolds
number of the tests which the limitations on the model size made neces—
gary. One of the more likely factors was thought to be a boundary-layer
drain spanwise along the wing which would be llkely to be present on the
test wings In view of their high sweepback and which would be aggravated
if the low Reynolds number of the tests caused separation (and a result—
"tunnel" along which the boundary layer from the wing—flow test

'étation could drain). Another possible source of error could have been

the sparnwise velocity gradients which existed om the wing—flow test
station which, if they ceused a changs in spanwise loading, would, on a
wing of such high gweep, show up as an appreclable longitudinal shift
of the aserodynamic center. In an attempt to determine which of the fore
going factors might contribute to the anomalous results, the supplemen—
tary tests outlined below were performed on the synmetrical untwisted

wing.

To determline the effect of the spanwise velocity gradient which
oexisted at the wing—flow station, the test setup was duplicated on the
side wall of-the Ames l— by 3-1/2-foot high-speed wind tunnel. The
entire wing—flow balance was mounted on the outside of the tunnel, with
the turnteble flush with the inside of the tumnel wall and the semlapan
wing model projecting into the tumnel alr stream. This gave a test
configuretion which duplicated 1in all essentlal respects the wing—flow
setup with the exceptlons that the spanwise velocity gradient was
negligible and the ratic of bourndary-layer-displacement thickness to
model spen was conslderably larger. The results summarized in figure 9
show negliglible chenge for pltching—moment-curve slope, checking the
wing—flow date within the measurement accurascy limitations. The dlscrep—
ancy therefore does not appear to be caused by spanwise veloclty gradlent.

While the model and balance were mounted in the tunnel, the effect.
of osclllation of the modsl on the test data was also determined. Testa
were conducted at constant Mach number both by continuous recording of .
forces and moments while oscillating the model over the angle—of-aettack .
range and by recording at various fixed angles of attack. Theré was no
observable difference betwesn the results of these two technigues.

To eithe¥ eliminate or change any posesible spanwise boundary—layer
drain along the test wing, two model modifications were tested by the
wlng—flow technique. The first was the addition of a fuselage, which it
was reasoned would place the model wing root well out.of the test station
boundary layer and thus reduce the tendency for spanwise drain. (See -
fig. 3(b).) The other modification tested was a boundary—layer fence -
placed 0.4 inch above the test—station surface where it would obstruct
the spanwise draln ‘of the boundary layer along the span of the model
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wing. (See fig. 3(a).) Nelther of these modificetions resulted in sig— |
nificant changes in the pitching-moment data (fig. 9) so that no confirm—
ation of the hypothesis as to boundary—lsyer drain was obtained.

The fact that low Reynolds number alome is not sufficlent to account
for the doubtful pitching-moment results is deducible from the fact that
results of Ames l— by 3—1/2—foot high—speed wind—turmel tests (reference
3) of a full-span model of the symmetrical untwilsted wing gave an extreme
aft position of the aesrocdynamic center rather than an extreme forward

position as 1n the wing-flow tests.

"tests 18 presented in the following tabls:

The comparison of these various

12—foot pressure [1— by 3—1/2—Ffoot high-

Wing—flow method __wipd tunmel speed. w{nd tunnel

Mach | Asrodynamic | Reynolds |Aerodynamic [Reynolds {Aercdynamic |[Reynolds

numbsr center number center number ce%fer number
- (%%) (%-3) ( %)

0.6 25 0.55x10° 42 2.35x10° 5k 0.42x10°

' 5

9 25,5 .T3X10° bk 2.35x10° 60 .51x10

1.1 26 .81x10°% - R — Th .53%x10°

That the discrepanclies ecannot be attributed to the semispan mounting
alone is deducible from the fact that the 12—foot pressure wind tummel
has obtained good correlation on results of semispan and full—span 63°

swept wings at a Reynolds number of the order of 2 milllion.

Further

verification of the semispan testing technique (at high Reynolds number)
1s contained in reference 7T, where a comparlson l1s presented of the data
obtained from both semispan and full—span models of a Lo° swept—back

wing.

In view of the foregoing discussion no substantlated explenation
can be presented of the cause of the discrepancy between the wing-flow
pltching-moment characteristice and those presented In references 1 and

J'L'

Therefore it can only be concluded that the wing—flow data on a wing

of this plan form cannot be relied upon even qualitatively as an indica—
tion of trends. '

CONCLUDING REMARKS

The date presented in this report indicate considerable dlscrepancy
in the pitchling-moment characterlstics for a highly swept and tapered
plan form as measured by the wing—flow method and by the largsr—scale Ames

"12-foot pressure wind tunnel.

Attempts to account for the differences by
modilfying the wing—flow model configuration and technigue were inconclusive,

sl
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It 1s therefore considered undesirsble to attempt to determine the

pitching—moment characteristics of highly swept—back wings at such small

scale and at such low Reynolds number in the range of Mach numbers covered .
by this Investigation. Similar conclusions for both the piltching moment

ard the drag due to 1lifi characteristics have been expressed in NACA RM

AGRO9, ‘1949, resulting from an investigatior of a model of a wing—body com-
bination using the sams plan form and tested at a aimilar scale in the

Ames 1- by 3-1/2—foot high-speed wind tumnsl.

Ames Asronautlical Iaboratory,
National Advisory Committee for Asronsutics,
Moffett Fleld, Callf.
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Figure | .- Dimensional drawing of semispan of symmeflrical unitwisted wing showing

basic plan form.
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Spanwise camber distribution
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Figure 2.- Plan view of cambered and twisted model showing spanwise variation
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Note: All dimensions given In inchas.
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Circular cross-section
fineness ratio 6.25

Maximum fusefage thickness
at 50 % root chord

Fenc.'e thickness 032

e
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fa) Wing plus fence. (b) Wing plus fuselage. A
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Figure 3.- Test-station boundary~layer-control fence and fuselage modification to original
wing-afone symmefrical wing model.
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Figure 5.— Wing—flow balance and model mounted on wall of Amss 1— by
3—1/2—foot high—speed wind tunnel.
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Lift coefficient, G,

Lift coefficient, C,
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Figure 7.- General aerodynamic characteristics atl several valuss of Mach
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